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METHODS AND COMPOSITIONS FOR REDUCING THE PRODUCTION OF WATER 
AND STIMULATING HYDROCARBON PRODUCTION FROM A SUBTERRANEAN 

FORMATION 

Cross-Reference To Related Application 

[0001] This application is a continuation-in-part of U.S. Application Serial No. 
10/440,337 entitled "Method for Stimulating Hydrocarbon Production and Reducing the 
Production of Water from a Subterranean Formation/ 5 filed on May 16, 2003, and U.S. 
Application Serial No. 10/612,271 entitled "Methods of Reducing Water Permeability for 
Acidizing a Subterranean Formation," filed on July 2, 2003, which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to subterranean treatment fluids, and more 
particularly, the present invention relates to subterranean treatment fluids comprising relative 
permeability modifiers and methods for using such subterranean treatment fluids in subterranean 
operations to reduce the production of water from and stimulate hydrocarbon production in a 
subterranean formation. 

[0003] The production of water with hydrocarbons from subterranean wells constitutes a 
major problem and expense in the production of the hydrocarbons. While hydrocarbon- 
producing wells are usually completed in hydrocarbon-bearing formations, such formations may 
contain, or may be adjacent to, water-bearing sections. Generally, the term "water-bearing 
section" refers to any portion of a subterranean formation that may produce water, including a 
hydrocarbon-bearing section that has sufficiently high water saturation such that water may be 
produced along with hydrocarbons. The high mobility of the water may allow it to flow into the 
well bore by way of natural fractures and/or high permeability streaks present in the formation. 
Over the life of such wells, the ratio of water to hydrocarbons recovered may be undesirable in 
view of the cost of producing the water, separating it from the hydrocarbons, and disposing of it, 
which can represent a significant economic loss. 

[0004] Subterranean stimulation treatments have long been used in the field of 
hydrocarbon production to increase the flow of hydrocarbons to the well bore. -One such 
stimulation treatment is hydraulic fracturing, where specialized fluids are pumped into the 
subterranean formation at sufficient pressures to create or enhance at least one fracture within the 
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formation, thereby increasing fluid flow through the formation to the well bore. When a 
formation contains water-bearing sections, however, stimulation may lead to the undesired, 
increased production of water with the hydrocarbons. 

[0005] Another subterranean stimulation treatment is acid stimulation (e.g., "acidizing"), 
in which an aqueous treatment fluid comprising an acid is introduced into the formation to 
dissolve acid-soluble materials that may clog or constrict formation channels, thereby potentially 
widening the pathways through which hydrocarbons may flow from the formation into the well 
bore. Acid stimulation treatments also may facilitate the flow of injected treatment fluids from 
the well bore into the formation. One method of acidizing, known as "fracture acidizing," 
usually comprises injecting an acidizing treatment fluid into the subterranean formation at a 
pressure sufficient to create or enhance at least one fracture within the formation. Another 
method of acidizing, known as "matrix acidizing," usually comprises injecting the acidizing 
treatment fluid into the formation at a pressure below that which would create or enhance at least 
one fracture within the subterranean formation. In certain circumstances, however, the acidizing 
treatment fluids may undesirably enter the water-bearing sections instead of the hydrocarbon- 
bearing sections in the formation because the water-bearing sections may be more permeable to 
the aqueous acidizing treatment fluid than the hydrocarbon-bearing sections. Thus, acid 
stimulation treatments may result in an undesirable increase in the production of water. 

[0006] A variety of techniques have been used to reduce the production of undesired 
water and/or to divert the aqueous acidizing treatment fluid away from the water-bearing 
sections and into the hydrocarbon-bearing sections. One attempt has involved the injection of 
particulates, foams, or blocking polymers into the subterranean formation so as to plug off the 
water-bearing sections. Thus, the undesired production of water may be reduced, and, when 
used in an acid stimulation treatment, the acidizing treatment fluid may be diverted to the 
hydrocarbon-bearing sections rather than the water-bearing sections. 

[0007] However, the use of these water-blocking techniques has proved to be 
problematic. For example, plugging off the water-bearing sections may not be suitable for 
treating a producing formation unless the injected solution (or material) can be injected solely 
into the offending water-bearing sections therein. Further, if a polymer solution is allowed to 
form a cross-linked polymer gel within a hydrocarbon-producing zone, the gel may reduce or 
stop the flow of hydrocarbons in addition to the flow of water. Even when a polymer solution is 
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properly injected into a water-producing section, the cross-linked polymer gel formed therein 
may become unstable in the zone, due to factors such as thermal degradation, differences in the 
adsorption characteristics of the polymer and associated cross-linker, and the like. Furthermore, 
techniques geared toward injecting solutions (or materials) designed to plug off the water- 
bearing sections are limited because they may require expensive zonal isolation. Zonal isolation 
also may be inaccurate, which may lead to inadvertently plugging and/or damaging the 
hydrocarbon-bearing sections. 

[0008] Recently, polymers referred to as relative permeability modifiers have been used, 
in some instances, to decrease the production of water with hydrocarbons. For example, relative 
permeability modifiers, such as polyacrylamide, have been introduced into hydrocarbon and 
water-producing formations so that the polymers may attach to adsorption sites on surfaces 
within the formations. Among other things, these relative permeability modifiers may reduce the 
flow of water through the formation. The use of relative permeability modifiers in hydrocarbon 
and water-producing formations to decrease the production of water involves less risk than other 
techniques and has the advantage of not requiring expensive zonal isolation techniques. 
However, the use of such relative permeability modifiers, e.g., polyacrylamides, has heretofore 
resulted in only small, temporary reductions in water production and/or unacceptable levels of 
reduction in hydrocarbon production. 
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SUMMARY OF THE INVENTION 

[0009] The present invention relates to subterranean treatment fluids, and more 
particularly, the present invention relates to subterranean treatment fluids comprising relative 
permeability modifiers and methods for using such subterranean treatment fluids in subterranean 
operations to reduce the production of water from and stimulate hydrocarbon production in a 
subterranean formation. 

[0010] An exemplary embodiment of a treatment fluid of the present invention is a 
permeability-modifying aqueous treatment fluid comprising a hydrophobically modified water- 
soluble polymer that comprises a polymer backbone comprising polar heteroatoms. 

[001 1] Another exemplary embodiment of a treatment fluid of the present invention is a 
permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer that 
comprises a polymer backbone comprising polar heteroatoms, a hydrophobic compound capable 
of reacting with the hydrophilic polymer, and a surfactant. 

[0012] An exemplary method of the present invention is a method for treating a 
subterranean formation to reduce its permeability to aqueous-based fluids comprising the steps of 
providing a permeability-modifying aqueous treatment fluid comprising a hydrophobically 
modified water-soluble polymer that comprises a polymer backbone comprising polar 
heteroatoms, and contacting the subterranean formation with the permeability-modifying 
aqueous treatment fluid. 

[0013] Another exemplary method of the present invention is a method for treating a 
subterranean formation to reduce its permeability to aqueous-based fluids comprising the steps of 
providing a permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer 
that comprises a polymer backbone comprising polar heteroatoms, a hydrophobic compound 
capable of reacting with the hydrophilic polymer, and a surfactant; and contacting the 
subterranean formation with the permeability-modifying aqueous treatment fluid. 

[0014] Another exemplary method of the present invention is a method for fracturing a 
subterranean formation comprising the steps of providing a permeability-modifying aqueous 
treatment fluid comprising a hydrophobically modified water-soluble polymer that comprises a 
polymer backbone comprising polar heteroatoms; and injecting the permeability-modifying 
aqueous treatment fluid into the subterranean formation at a pressure sufficient to create or 
enhance at least one fracture therein. 
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[0015] Another exemplary method of the present invention is a method for fracturing a 
subterranean formation comprising the steps of providing a permeability-modifying aqueous 
treatment fluid comprising a hydrophilic polymer that comprises a polymer backbone comprising 
polar heteroatoms, a hydrophobic compound capable of reacting with the hydrophilic polymer, 
and a surfactant; and injecting the treatment fluid into the subterranean formation at a pressure 
sufficient to create or enhance at least one fracture therein. 

[0016] Another exemplary method of the present invention is a method for acidizing a * 
subterranean formation penetrated by a well bore comprising the steps of providing a 
permeability-modifying aqueous treatment fluid comprising a relative permeability modifier 
comprising a hydrophobically modified water-soluble polymer that comprises polar heteroatoms 
within the polymer backbone or a hydrophilically modified water-soluble polymer; providing an 
acidizing treatment fluid; injecting the permeability-modifying aqueous treatment fluid into the 
subterranean formation; and injecting the acidizing treatment fluid into the subterranean 
formation. 

[0017] Another exemplary method of the present invention is a method for acidizing a 
subterranean formation penetrated by a well bore comprising the steps of providing a 
permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer that 
comprises a polymer backbone comprising polar heteroatoms, a hydrophobic compound capable 
of reacting with the hydrophilic polymer, and a surfactant; providing an acidizing treatment 
fluid; injecting the permeability-modifying aqueous treatment fluid into the subterranean 
formation; and injecting the acidizing treatment fluid into the subterranean formation. 

[0018] Another exemplary method of the present invention is a method for acidizing a 
subterranean formation penetrated by a well bore comprising the steps of providing a 
permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer and a 
hydrophilic compound capable of reacting with the hydrophilic polymer; providing an acidizing 
treatment fluid; injecting the permeability-modifying aqueous treatment fluid into the 
subterranean formation; and injecting the acidizing treatment fluid into the subterranean 
formation. 

[0019] The features and advantages of the present invention will be readily apparent to 
those skilled in the art upon a reading of the description of the exemplary embodiments, which 
follows. 
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DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0020] The present invention relates to subterranean treatment fluids, and more 
particularly, the present invention relates to subterranean treatment fluids comprising relative 
permeability modifiers and methods for using such subterranean treatment fluids in subterranean 
operations to reduce the production of water from and stimulate hydrocarbon production in a 
subterranean formation. 

[0021] The methods and compositions of the present invention provide permeability- 
modifying aqueous treatment fluids that generally comprise a relative permeability modifier, 
inter alia, that reduces the permeability of the subterranean formation to aqueous-based fluids 
without substantially changing the permeability to hydrocarbons. These aqueous treatment fluids 
of the present invention may be used, among other things, in water inhibition operations, 
hydraulic fracturing operations, and acid stimulation treatments. In certain embodiments, the 
relative permeability modifier may be a hydrophobically modified water-soluble polymer, 
wherein the hydrophobically modified water-soluble polymer may be a reaction product of a 
hydrophilic polymer and a hydrophobic compound. As used herein, "hydrophobically modified" 
refers to the incorporation into the hydrophilic polymer structure of hydrophobic groups, wherein 
the alkyl chain length is from about 4 to about 22 carbons. In another embodiment, the relative 
permeability modifier may be a hydrophilically modified water-soluble polymer, wherein the 
hydrophilic polymer may a reaction product of a hydrophilic polymer and a hydrophilic 
compound. As used herein, "hydrophilically modified" refers to the incorporation into the 
hydrophilic polymer structure of hydrophilic groups. The reactions needed to form the relative 
permeability modifiers of the present invention may occur prior to the addition of the relative 
permeability modifiers into the permeability-modifying aqueous treatment fluids of the present 
invention {e.g., pre-reacted embodiments), or they may occur in situ (e.g., in situ reaction 
embodiments). 

I. Exemplary Water Inhibition Embodiments 

[0022] In an exemplary embodiment, the permeability-modifying aqueous treatment 
fluids of the present invention may be used in water inhibition operations. When used in water 
inhibition operations, the permeability-modifying aqueous treatment fluids may comprise either 
the pre-reacted embodiments or the in situ reaction embodiments of the relative permeability 
modifiers. It is believed that the relative permeability modifiers, among other things, may attach 
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to surfaces within the subterranean formation. The presence of the relative permeability 
modifiers in the subterranean formation may reduce the permeability of the treated zones of the 
subterranean formation to aqueous-based fluids without substantially changing the permeability 
to hydrocarbons. The desired volume of the permeability-modifying aqueous treatment fluids 
introduced into the subterranean formation is based, inter alia, on several properties of the zone 
to be treated, such as depth and volume of the zone, as well as the permeability and other 
physical properties of the material in the zone. 

A. Exemplary Pre-reacted Embodiments 

[0023] In the pre-reacted embodiments of the present invention, the permeability- 
modifying aqueous treatment fluids of the present invention may comprise an aqueous-based 
fluid and a relative permeability modifier. Also, such permeability-modifying aqueous treatment 
fluids may be gelled by the addition of a gelling agent. Further, additives suitable for use in 
subterranean treatment operations may be added to the permeability-modifying aqueous 
treatment fluids of the present invention as desired. 

[0024] The aqueous-based fluid used in the permeability-modifying aqueous treatment 
fluids of the present invention can be fresh water, salt water (e.g., water containing one or more 
salts, such as potassium chloride, dissolved therein), brine (e.g., saturated salt water), or 
seawater. Generally, the aqueous-based fluid may be any aqueous liquid provided that it does 
not adversely react with the other components of the treatment fluid. In an exemplary 
embodiment, the aqueous-based fluid used in the permeability-modifying aqueous treatment 
fluids of the present invention comprises salt water, inter alia, to help inhibit the 
swelling/migration of clay particles in the subterranean formations and/or zones being treated. 
Examples of suitable salts include, but are not limited to, chloride, bromide, acetate, and formate 
salts of ammonium, alkyl ammonium, potassium, sodium, calcium, magnesium, and zinc. 

[0025] In certain embodiments, the relative permeability modifier present in the 
permeability modifying aqueous treatment fluids of the present invention may be a 
hydrophobically modified water-soluble polymer. The hydrophobically modified water-soluble 
polymers used in the present invention typically have a molecular weight in the range of from 
about 100,000 to about 10,000,000. In an exemplary embodiment, the hydrophobically modified 
water-soluble polymer may comprise a polymer backbone comprising polar heteroatoms. 
Generally, the polar heteroatoms present within the polymer backbone of the hydrophobically 
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modified water-soluble polymer include, but are not limited to, oxygen, nitrogen, sulfur, or 
phosphorous. 

[0026] Suitable hydrophobically modified water-soluble polymers may be a reaction 
product of a hydrophilic polymer and a hydrophobic compound that are capable of reacting with 
each other. In certain exemplary embodiments, the hydrophilic polymers comprise a polymer 
backbone comprising polar heteroatoms, wherein the polar heteroatoms present within the 
polymer backbone of the hydrophilic polymers include, but are not limited to, oxygen, nitrogen, 
sulfur, or phosphorous. Suitable hydrophilic polymers comprising polar heteroatoms within the 
polymer backbone include homo-, co-, or terpolymers such as, but not limited to, celluloses, 
chitosans, polyamides, polyetheramines, polyethyleneimines, polyhydroxyetheramines, 
polylysines, polysulfones, and starches. In an exemplary embodiment the starch is a cationic 
starch. A suitable cationic starch may be formed by reacting a starch, such as corn, maize, waxy 
maize, potato, tapioca, and the like, with the reaction product of epichlorohydrin and 
trialkylamine. 

[0027] The hydrophobic compounds that are capable of reacting with the hydrophilic 
polymers of the present invention include, but are not limited to, alkyl halides, sulfonates, 
sulfates, and organic acid derivatives. Examples of suitable organic acid derivatives include, but 
are not limited to, octenyl succinic acid; dodecenyl succinic acid; and anhydrides, esters, and 
amides of octenyl succinic acid or dodecenyl succinic acid. In certain exemplary embodiments, 
the hydrophobic compounds may have an alkyl chain length of from about 4 to about 22 carbons. 
For example, where the hydrophobic compound is an alkyl halide, the reaction between the 
hydrophobic compound and hydrophilic polymer may result in the quaternization of at least 
some of the hydrophilic polymer amino groups with an alkyl halide, wherein the alkyl chain 
length is from about 4 to about 22 carbons. 

[0028] In another embodiment, the relative permeability modifier present in the 
permeability modifying aqueous treatment fluids of the present invention may be a 
hydrophilically modified water-soluble polymer. The hydrophilically modified water-soluble 
polymers used in the present invention typically have a molecular weight in the range of from 
about 100,000 to about 10,000,000. In an exemplary embodiment, the hydrophilically modified 
water-soluble polymer comprises a polymer backbone comprising polar heteroatoms. Generally, 
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the polar heteroatoms present within the polymer backbone of the hydrophilically modified 
water-soluble polymer include, but are not limited to, oxygen, nitrogen, sulfur, or phosphorous. 

[0029] In one embodiment, the hydrophilically modified water-soluble polymer is a 
reaction product of a hydrophilic polymer and a hydrophilic compound that are capable of 
reacting with each other. The hydrophilic polymers suitable for forming the hydrophilically 
modified water-soluble polymers used in the present invention should be capable of reacting 
with hydrophilic compounds. In certain exemplary embodiments, suitable hydrophilic polymers 
include, homo-, co-, or terpolymers such as, but not limited to, polyvinylamines, 
poly(vinylamines/vinyl alcohols), and alkyl acrylate polymers in general. Additional examples 
of alkyl acrylate polymers include, but are not limited to, polydimethylaminoethyl methacrylate, 
polydimethylaminopropyl methacrylamide, poly(acrylamide/dimethylaminoethyl methacrylate), 
poly(methacrylic acid/dimethylaminoethyl methacrylate), poly(2-acrylamido-2-methyl propane 
sulfonic acid/dimethylaminoethyl methacrylate), poly(acrylamide/dimethylaminopropyl 
methacrylamide), poly(acrylic acid/dimethylaminopropyl methacrylamide), and 
poly(methacrylic acid/dimethylaminopropyl methacrylamide). In certain embodiments, the 
hydrophilic polymer contains reactive amino groups in the polymer backbone or as pendant 
groups, which are capable of reacting with hydrophilic compounds. In an exemplary 
embodiment, the hydrophilic polymer comprises dialkyl amino pendant groups. In an exemplary 
embodiment, the hydrophilic polymer comprises a dimethyl amino pendant group and at least 
one monomer comprising dimethylaminoethyl methacrylate or dimethylaminopropyl 
methacrylamide. 

[0030] In another exemplary embodiment, the hydrophilic polymers comprise a polymer 
backbone comprising polar heteroatoms, wherein the polar heteroatoms present within the 
polymer backbone of the hydrophilic polymers include, but are not limited to, oxygen, nitrogen, 
sulfur, or phosphorous. Suitable hydrophilic polymers comprising polar heteroatoms within the 
polymer backbone include homo-, co-, or terpolymers such as, but not limited to, celluloses, 
chitosans, polyamides, polyetheramines, polyethyleneimines, polyhydroxyetheramines, 
polylysines, polysulfones, and starches. In an exemplary embodiment the starch is a cationic 
starch. A suitable cationic starch may be formed by reacting a starch, such as corn, maize, waxy 
maize, potato, tapioca, and the like, with the reaction product of epichlorohydrin and 
trialkylamine. 



9 



[0031] The hydrophilic compounds suitable for reaction with the hydrophilic polymers 
include polyethers comprising halogen; sulfonates; sulfates; and organic acid derivatives. 
Examples of suitable organic acid derivatives include, but are not limited to, octenyl succinic 
acid; dodecenyl succinic acid; and anhydrides, esters, and amides of octenyl succinic acid or 
dodecenyl succinic acid. Suitable polyethers include, but are not limited to, polyethylene oxides, 
polypropylene oxides, polybutylene oxides, and mixtures thereof. In an exemplary embodiment, 
the polyether comprises an epichlorohydrin terminated polyethylene oxide methyl ether. 

[0032] The hydrophilically modified water-soluble polymers formed from the reaction of 
a hydrophilic polymer with a hydrophilic compound have estimated molecular weights in the 
range of from about 100,000 to about 10,000,000 and may have weight ratios of the hydrophilic 
polymers to the polyethers in the range of from about 1:1 to about 10:1. Suitable hydrophilically 
modified water-soluble polymer having molecular weights and weight ratios in the ranges set 
forth above include, but are not limited to, the reaction product of polydimethylaminoethyl 
methacrylate with epichlorohydrin terminated polyethyleneoxide methyl ether; the reaction 
product of polydimethylaminopropyl methacrylamide with epichlorohydrin terminated 
polyethyleneoxide methyl ether; and the reaction product of 
poly(acrylamide/dimethylaminopropyl methacrylamide) with epichlorohydrin terminated 
polyethyleneoxide methyl ether. In an exemplary embodiment, the hydrophilically modified 
water-soluble polymer comprises the reaction product of a polydimethylaminoethyl methacrylate 
with epichlorohydrin terminated polyethyleneoxide methyl ether having a weight ratio of 
polydimethylaminoethyl methacrylate to epichlorohydrin terminated polyethyleneoxide methyl 
ether of 3:1. 

[0033] Suitable relative permeability modifiers generally should be present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.02% to about 10% by weight of the permeability-modifying aqueous 
treatment fluid. In another exemplary embodiment, the relative permeability modifiers are . 
present in the permeability-modifying aqueous treatment fluids of the present invention in an 
amount in the range of from about 0.05% to about 1.0% by weight of the permeability-modifying 
aqueous treatment fluid. 

[0034] In addition, based on formation conditions, the permeability-modifying aqueous 
treatment fluids of the present invention may be gelled by the addition of a suitable gelling agent, 
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for example, a galactomannan gelling agent. Galactomannan gelling agents suitable for use in 
the permeability-modifying aqueous treatment fluids of the present invention comprise naturally 
occurring gums and their derivatives, such as guar, locust bean, tara, honey locust, tamarind, 
karaya, tragacanth, carrageenan, and the like. These gums are generally characterized as 
comprising a linear backbone having various amounts of galactose units attached thereto. The 
gums also can be characterized as comprising one or more functional groups such as cis- 
hydroxyl, hydroxyl, carboxyl, sulfate, sulfonate, amino, or amide. In an exemplary embodiment, 
the gelling agents suitable for use in the permeability-modifying aqueous treatment fluids of the 
present invention comprise at least one or more of guar, hydroxyethylguar, hydroxypropylguar, 
carboxymethylguar, carboxymethylhydroxyethylguar, and carboxymethylhydroxypropylguar. 

[0035] In certain exemplary embodiments wherein the permeability-modifying aqueous 
treatment fluids of the present invention are gelled, one or more of the above-mentioned 
galactomannan gelling agents may be dissolved in the permeability-modifying aqueous treatment 
fluids to form a suitable viscous aqueous gel. Generally, the galactomannan gelling agent or 
agents may be present in the permeability-modifying aqueous treatment fluids in a sufficient 
amount to provide the desired gelling of the permeability-modifying aqueous treatment fluids. 

[0036] The permeability-modifying aqueous treatment fluids may have a pH suited to the 
environment of the subterranean formation. For example, the permeability-modifying aqueous 
treatment fluids of the present invention comprising the pre-reacted relative permeability 
modifier generally may have a pH in the range of from about 4 to about 8. 

[0037] As known to those skilled in the art, the permeability-modifying aqueous 
treatment fluids of the present invention also may contain additional additives suitable for use in 
subterranean operations including, but not limited to, scale inhibitors, clay stabilizers, and 
corrosion inhibitors. 

[0038] Moreover, in an exemplary embodiment, after the permeability-modifying 
aqueous treatment fluids of the present invention are injected into the subterranean formation, an 
after-flush of a hydrocarbon liquid, such as kerosene, diesel oil or crude oil, or a hydrocarbon or 
inert gas, such as methane and natural gas or nitrogen (when the formation produces gas), may 
optionally be introduced into the formation. While not required for the modified water-soluble 
polymer to be effective, the after-flush may facilitate the subsequent flow of hydrocarbons 
through the formation. 
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[0039] In an exemplary embodiment, prior to injection of the aqueous treatment fluids of 
the present invention into the subterranean formation, an optional pre- flush of a well treatment 
fluid may be injected into the subterranean formation. Among other things, the pre-flush cleans 
the formation to be treated in order to obtain more effective interaction of the modified water- 
soluble polymers with the formation surface. Without being limited by theory, it is believed that 
the interaction of the relative permeability modifier with the formation surface may be dependent 
upon the presence of any existing adsorbed species, for example, surface impurities, paraffin, 
asphaltenes, and the like. Thus, a pretreatment step may be necessary for a given formation to be 
treated. 

[0040] In an exemplary embodiment, the well treatment fluids used in the pre-flush may 
comprise a mutual solvent. The mutual solvents suitable for use in the pre-flush, among other 
things, may act to remove hydrocarbons adhering to formation material. In this regard, any 
mutual solvent suitable for solubilizing hydrocarbons may be used in the pre-flush, for example, 
terpenes (such as limonene), C 3 to C 9 alcohols, glycol-ether (such as ethylene glycol monobutyl 
ether, "EGMBE"), or mixtures thereof. In another exemplary embodiment, the well treatment 
fluids of the pre-flush may further comprise a surfactant. In additional exemplary embodiments, 
the well treatment fluids of the pre-flush should be an aqueous fluid that comprises a chemical 
that interacts with the formation surface within the porous medium and facilitates the penetration 
of the modified water-soluble polymer further into the hydrocarbon-bearing section as described 
in U.S. Pat. No. 6,364,016, the relevant disclosure of which is incorporated herein by reference. 
B. Exemplary In situ Reaction Embodiments 

[0041] In certain embodiments, the relative permeability modifier may be formed by 
reaction in situ. In an exemplary embodiment, the hydrophobically modified water-soluble 
polymer may be formed by the in situ reaction between a hydrophilic polymer and a hydrophobic 
compound. In these embodiments, the permeability-modifying aqueous treatment fluids of the 
present invention may comprise an aqueous-based fluid, a hydrophilic polymer that comprises a 
polymer backbone comprising polar heteroatoms, a hydrophobic compound capable of reacting 
with the hydrophilic polymer, and a surfactant. Optionally, the permeability-modifying aqueous 
treatment fluids further may comprise a pH-adjusting agent. Also, the permeability-modifying 
aqueous treatment fluids may be gelled by the addition of a gelling agent of the type and amount 
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described above. Further, additives suitable for use in subterranean treatment operations may be 
added to the permeability-modifying aqueous treatment fluids of the present invention as desired. 

[0042] The aqueous-based fluids, hydrophilic polymers, and hydrophobic compounds for 
use in these permeability modifying aqueous treatment fluids may be the same as those described 
above. Further, the hydrophobically modified polymer formed by the in situ reaction may be the 
same as those described above. 

[0043] The hydrophilic polymer generally should be present in the permeability- 
modifying aqueous treatment fluids in an amount necessary to provide the desired degree of 
water control. In an exemplary embodiment, the hydrophilic polymer is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.1% to about 10% by weight of the permeability-modifying aqueous 
treatment fluid. In an exemplary embodiment, the hydrophilic polymer is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.2% to about 1.5% by weight of the permeability-modifying aqueous 
treatment fluid. 

[0044] The hydrophobic compound generally should be present in the permeability- 
modifying aqueous treatment fluids in an amount necessary to provide the desired degree of 
water control. In an exemplary embodiment, the hydrophobic compound is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.0 1% to about 5% by weight of the permeability-modifying aqueous 
treatment fluid. In an exemplary embodiment, the hydrophobic compound is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.02% to about 0.5% by weight of the permeability-modifying aqueous 
treatment fluid. 

[0045] Further, the in situ reaction between the hydrophilic polymer and the hydrophobic 
compound generally is effected at subterranean formation temperatures greater than about 75°F. 
In an exemplary embodiment, the in situ reaction between the hydrophilic polymer and the 
hydrophobic compound is effected at subterranean formation temperatures greater than about 
100°F. 

[0046] Depending on certain well bore and formation conditions, a shut-in period of from 
about one minute to several hours may be required to permit the in situ reaction of the 
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hydrophilic polymer and the hydrophobic compound. During the shut-in period, the hydrophilic 
polymer and the hydrophobic polymer react to form the hydrophobically modified water-soluble 
polymer: Generally, the length of the well bore and the downhole temperature should determine 
the length of any shut-in period. For example, a deep well bore with temperatures greater than or 
equal to about 200°F may not require a shut-in period. Moreover, shallower, cooler formations 
may require longer shut-in periods that may extend up to about 24 hours. Those skilled in the art 
will be able to readily determine the necessity for, and duration of, any shut-in periods that may 
be useful to permit the appropriate in situ reaction. 

[0047] Due to the insolubility of hydrophobic compounds in aqueous fluids, a surfactant 
is present in the permeability-modifying aqueous treatment fluids of the present invention. The 
surfactant may be selected based on at least its ability to promote the dissolution of the 
hydrophobic compounds in the permeability-modifying aqueous treatment fluids of the present 
invention. The surfactant may be anionic, cationic, amphoteric, or neutral. Surfactants suitable 
for use in the current invention include, but are not limited to, alkyl ammonium surfactants, 
betaines, alkyl ether sulfates, alkyl ether sulfonates, and ethoxylated alcohols. Generally, the 
surfactant is present in the permeability-modifying aqueous treatment fluids of the present 
invention in an amount so that the hydrophobic compound disperses in the permeability- 
modifying aqueous treatment fluids of the present invention. In an exemplary embodiment, the 
surfactant is present in the treatment fluids of the present invention in an amount in the range of 
from about 0.1% to about 2% by weight of the permeability-modifying aqueous treatment fluid. 

[0048] Optionally, the permeability-modifying aqueous treatment fluids of the present 
invention may comprise a pH-adjusting agent if desired. The pH-adjusting agent may facilitate 
the in situ reaction between the hydrophilic polymer and the hydrophobic compound by 
providing a suitable pH, e.g., of about 8 or higher, in the permeability-modifying aqueous 
treatment fluids of the present invention. Examples of suitable pH-adjusting agents include 
buffers, alkali metal hydroxides, alkali metal carbonates, alkali metal phosphates, and other 
similar compounds known by those skilled in the art. 

[0049] As discussed in the pre-reacted embodiments, an optional pre- flush or an optional 
post- flush may be used. 

[0050] As known to those skilled in the art, the permeability-modifying aqueous 
treatment fluids of the present invention also may contain additional additives suitable for use in 
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subterranean operations including, but not limited to, scale inhibitors, clay stabilizers, and 
corrosion inhibitors. 

[0051] In another embodiment of the present invention, the hydrophilically modified 
water-soluble polymer may be formed by the in situ reaction between a hydrophilic polymer and 
a hydrophilic compound. In these embodiments, the permeability modifying treatment fluids of 
the present invention generally comprise an aqueous-based fluid, a hydrophilic polymer, and a 
hydrophilic compound. Optionally, the permeability-modifying aqueous treatment fluids further 
may comprise a pH-adjusting agent. Also, the permeability-modifying aqueous treatment fluids 
may be gelled by the addition of a gelling agent of the type and amount described above. 
Further, additives suitable for use in subterranean treatment operations may be added to the 
permeability-modifying aqueous treatment fluids of the present invention as desired. 

[0052] The aqueous-based fluids, hydrophilic polymers, hydrophilic compounds, pH- 
adjusting agent, and gelling agents for use in these permeability modifying aqueous treatment 
fluids may be the same as those described above. Further, the hydrophilically modified polymer 
formed by the in situ reaction may be the same as those described above. 

[0053] The hydrophilic polymer generally should be present in the permeability- 
modifying aqueous treatment fluids in an amount necessary to provide the desired degree of 
water control. In an exemplary embodiment, the hydrophilic polymer is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.1% to about 10% by weight of the permeability-modifying aqueous 
treatment fluid. In an exemplary embodiment, the hydrophilic polymer is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.2% to about 1.5% by weight of the permeability-modifying aqueous 
treatment fluid. 

[0054] The hydrophilic compound generally should be present in the permeability- 
modifying aqueous treatment fluids in an amount necessary to provide the desired degree of 
water control. In an exemplary embodiment, the hydrophilic compound is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
range of from about 0.01% to about 5% by weight of the permeability-modifying aqueous 
treatment fluid. In an exemplary embodiment, the hydrophilic compound is present in the 
permeability-modifying aqueous treatment fluids of the present invention in an amount in the 
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range of from about 0.02% to about 0.5% by weight of the permeability-modifying aqueous 
treatment fluid. 

[0055] Further, the in situ reaction between the hydrophilic polymer and the hydrophilic 
compound generally is effected at subterranean formation temperatures greater than about 75°F. 
In an exemplary embodiment, the in situ reaction between the hydrophilic polymer and the 
hydrophilic compound is effected at subterranean formation temperatures greater than about 
100T. 

[0056] Depending on certain well bore and formation conditions, a shut-in period of up 
to about several hours may be required to permit the in situ reaction between the hydrophilic 
polymer and the hydrophilic compound. During the shut-in period, the hydrophilic polymer and 
the hydrophilic compound react to form the hydrophilically modified water-soluble polymer. 
Generally, the length of the well bore and the downhole temperature should determine the length 
of any shut-in period. For example, a deep well bore with temperatures greater than or equal to 
about 200°F may not require a shut-in period. Moreover, shallower, cooler formations should 
require longer shut-in periods that may extend up to about 24 hours. Those skilled in the art will 
be able to readily determine the necessity for, and duration of, any shut-in periods that may be 
useful to permit the appropriate in situ reaction. 

[0057] As discussed in the pre-reacted embodiments, an optional pre-flush or an optional 
post-flush may be used. 

[0058] As known to those skilled in the art, the permeability-modifying aqueous 
treatment fluids of the present invention also may contain additional additives suitable for use in 
subterranean operations including, but not limited to, scale inhibitors, clay stabilizers, and 
corrosion inhibitors. 

II. Exemplary Fracture Stimulation Embodiments 

[0059] In another embodiment, the permeability-modifying aqueous treatment fluids of 
the present invention, described above, may be used in the stimulation and/or restimulation of a 
subterranean formation, e.g., hydraulic fracturing. In the fracture stimulation embodiments, the 
permeability-modifying aqueous treatment fluids of the present invention may be used prior to 
the use of stimulation fluids, simultaneously with the use of stimulation fluids, and/or 
independently of stimulation fluids. In an exemplary embodiment, the permeability-modifying 
aqueous treatment fluids of the present invention may be injected into a subterranean formation, 
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at a pressure sufficient to create or enhance at least one fracture therein. Generally, the desired 
volume of the permeability-modifying aqueous treatment fluids introduced into the subterranean 
formation is based, inter alia, on several properties of the zone to be treated, such as depth and 
volume of the zone, as well as the permeability and other physical properties of the material in 
the zone. Where used simultaneously with the use of a stimulation fluid, the permeability- 
modifying aqueous treatment fluid and the stimulation fluid may, in one exemplary embodiment, 
be injected into the formation at about the same rate. Furthermore, where used simultaneously 
with the use of a stimulation fluid, the permeability-modifying aqueous treatment fluid and the 
stimulation fluid may be combined prior to their injection into the formation. 

[0060] When used in hydraulic fracturing embodiments, the permeability-modifying 
aqueous treatment fluids of the present invention may comprise either the pre-reacted 
embodiments or the in situ reaction embodiments of such permeability-modifying aqueous 
treatment fluids. Moreover, it is believed that the relative permeability modifiers present in the 
aqueous treatment fluids of the present invention (or formed by reaction in situ), may attach to 
surfaces within the subterranean formation. The presence of the relative permeability modifiers 
in the subterranean formation may reduce the permeability of the treated zones of the formation 
to aqueous-based fluids without substantially changing the permeability to hydrocarbons. As 
described above, where the reaction takes place in situ, a shut-in period of up to about 24 hours 
may be beneficial based, inter alia, on factors such as the downhole temperature and measured 
depth of the well bore. In an exemplary embodiment, the shut-in period may take place after the 
stimulation operations are complete. 

[0061] In an exemplary embodiment, where used in hydraulic fracturing, the aqueous 
treatment fluids of the present invention further may comprise proppant. Any proppant known to 
those skilled in the art is suitable including, for example, graded sand, bauxite, ceramic 
materials, glass materials, walnut hulls, polymer beads, and the like. 

[0062] Where injected after the permeability-modifying aqueous treatment fluids of the 
present invention, the stimulation fluid, inter alia, should displace or drive the permeability- 
modifying aqueous treatment fluids into at least one created or enhanced fracture. In an 
exemplary embodiment, the stimulation fluid is injected into the subterranean formation at a 
pressure sufficient to create or enhance at least one fracture therein. After injection, the gelled 
(and possibly crosslinked) stimulation fluid may be caused to break, e.g., revert to a less viscous 
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fluid. In an exemplary embodiment, the time needed to break the gel may be less than or equal 
to the shut-in period (if any). Afterwards, production of the hydrocarbons may be initiated from 
the treated subterranean formation. 

[0063] Generally, the stimulation fluid may be any aqueous-based fluid suitable for use 
in fracturing operations. In an exemplary embodiment, the stimulation fluid may be gelled. In 
an exemplary embodiment, the stimulation fluid may be crosslinked. In an exemplary 
embodiment, the stimulation fluid may comprise proppant. As will be understood by those 
skilled in the art, a variety of conventional additives can be included in the stimulation fluids of 
this invention, such as gel stabilizers, gel breakers, clay stabilizers, bactericides, fluid loss 
additives, and the like, which do not adversely react with the stimulation fluids or prevent their 
use in a desired manner. 

[0064] The following is a nonlimiting list of known methods of fracturing a hydrocarbon- 
bearing formation that are suitable for use in the present invention: U.S. Pat. Nos. 5,944,106 and 
6,070,664, the relevant disclosures of which are incorporated herein by reference. These 
methods, as well as other methods of fracturing a formation, may be modified to incorporate the 
separate step of introducing the permeability-modifying aqueous treatment fluids of the present 
invention. 

III. Exemplary Acid Stimulation Embodiments 

[0065] As previously mentioned, the permeability-modifying aqueous treatment fluids of 
the present invention may be used in acid stimulation treatments, such as matrix-acidizing and 
fracture-acidizing processes. In the acid stimulation embodiments, the permeability-modifying 
aqueous treatment fluids of the present invention may be used prior to the use of acidizing 
treatment fluids and/or simultaneously with the use of acidizing treatment fluids. Where used 
simultaneously with the use of an acidizing treatment fluid, the permeability-modifying aqueous 
treatment fluid and the acidizing treatment fluid may, in one exemplary embodiment, be injected 
into the formation at about the same rate. 

[0066] In the acid stimulation embodiments, the pressure used to inject the permeability- 
modifying aqueous treatment fluids of the present invention may, but need not, be high enough 
to create or enhance at least one fracture in the subterranean formation, depending on whether a 
fracture-acidizing or a matrix-acidizing operation is employed. In matrix acidizing, the 
permeability-modifying aqueous treatment fluids are typically injected into the subterranean 
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formation at a rate below the rate that would create a pressure necessary to create or enhance at 
least one fracture therein. When used in conjunction with a fracture- acidizing operation, the 
permeability-modifying aqueous treatment fluids may be injected into the subterranean 
formation (whether deployed prior to the acidizing treatment fluid, simultaneously with the 
acidizing treatment fluid, or both) at a pressure sufficient to create or enhance at least one 
fracture in the formation. Further, the desired volume of the permeability-modifying aqueous 
treatment fluids introduced into the subterranean formation is based, inter alia, on the volume of 
the acidizing treatment fluid used and on several properties of the zone to be treated, such as 
depth and volume of the zone, as well as the permeability and other physical properties of the 
material in the zone. In an exemplary embodiment, where used in fracture acidizing processes, 
the acidizing treatment fluid may be injected into the subterranean form at a pressure sufficient 
to create or enhance at least one fracture therein. 

[0067] Among other things, the use of the above-mentioned relative permeability 
modifiers in acid stimulation treatments may provide enhanced diversion of the acidizing 
treatment fluids within the subterranean formation. For example, in one embodiment, the 
permeability-modifying aqueous treatment fluids of the present invention may be injected into 
the subterranean formation prior to the injection of an acidizing treatment fluid. The relative 
permeability modifiers present in the permeability-modifying aqueous treatment fluids (or 
formed by reaction in situ) may reduce the permeability of the treated zone to aqueous-based 
fluids, which may retard the migration of such fluids into the treated zone. More specifically, the 
permeability-modifying aqueous-based fluids should flow through the areas of least resistance, 
e.g., the water-bearing sections. It is believed that, in at least one embodiment, the relative 
permeability modifiers may attach to surfaces within the water-bearing sections of the formation. 
The presence of the relative permeability modifiers in the subterranean formation may reduce the 
permeability of the treated zones of the formation to aqueous-based fluids without substantially 
changing the permeability to hydrocarbons. Next, a matrix-acidizing treatment fluid (which is an 
aqueous-based fluid) is injected into the formation to stimulate the hydrocarbon-bearing section. 
Because the relative permeability modifiers within the formation may reduce the flow of 
aqueous-based fluids through the water-bearing section, the matrix-acidizing treatment fluid may 
be at least partially diverted to another zone of the formation, e.g., from the water-bearing 
section to the hydrocarbon-bearing section. 



19 



[0068] As desired by one skilled in the art, mechanical methods to isolate the water- 
bearing section may be used in conjunction with the permeability-modifying aqueous treatment 
fluids of the present invention. 

[0069] The following are some nonlimiting known methods of acidizing a hydrocarbon- 
bearing formation for use in the present invention: U.S. Pat. Nos. 2,863,832; 2,910,436; 
3,215,199; 3,251,415; 3,297,090; 3,307,630; and 3,441,085, the relevant disclosures of which are 
incorporated herein by reference. These methods, as well as other methods of acidizing a 
formation, may be modified to incorporate the separate step of introducing the permeability- 
modifying aqueous treatment fluids of the present invention. Moreover, the treatment steps 
involving the permeability-modifying aqueous treatment fluids of the present invention and the 
acidizing treatment fluids can be repeated as necessary, or as desired. 

[0070] As previously discussed, an optional post-flush may be used in the acid 
stimulation embodiments to facilitate the production of hydrocarbons. Likewise, an optional pre- 
flush with a well treatment fluid also may be used in the acid stimulation embodiments, inter 
alia, to clean the formation to be treated. 

[0071] An exemplary embodiment of a treatment fluid of the present invention is a 
permeability-modifying aqueous treatment fluid comprising a hydrophobically modified water- 
soluble polymer that comprises a polymer backbone comprising polar heteroatoms. 

[0072] Another exemplary embodiment of a treatment fluid of the present invention is a 
permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer that 
comprises a polymer backbone comprising polar heteroatoms, a hydrophobic compound capable 
of reacting with the hydrophilic polymer, and a surfactant. 

[0073] An exemplary method of the present invention is a method for treating a 
subterranean formation to reduce its permeability to aqueous-based fluids comprising the steps of 
providing a permeability-modifying aqueous treatment fluid comprising a hydrophobically 
modified water-soluble polymer that comprises a polymer backbone comprising polar 
heteroatoms; and contacting the subterranean formation with the permeability-modifying 
aqueous treatment fluid. 

^ [0074] Another exemplary method of the present invention is a method for treating a 
subterranean formation to reduce its permeability to aqueous-based fluids comprising the steps of 
providing a permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer 
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that comprises a polymer backbone comprising polar heteroatoms, a hydrophobic compound 
capable of reacting with the hydrophilic polymer, and a surfactant; and contacting the 
subterranean formation with the permeability-modifying aqueous treatment fluid. 

[0075] Another exemplary method of the present invention is a method for fracturing a 
subterranean formation comprising the steps of providing a permeability-modifying aqueous 
treatment fluid comprising a hydrophobically modified water-soluble polymer that comprises a 
polymer backbone comprising polar heteroatoms; and injecting the permeability-modifying 
aqueous treatment fluid into the subterranean formation at a pressure sufficient to create or 
enhance at least one fracture therein. 

[0076] Another exemplary method of the present invention is a method for fracturing a 
subterranean formation comprising the steps of providing a permeability-modifying aqueous 
treatment fluid comprising a hydrophilic polymer that comprises a polymer backbone comprising 
polar heteroatoms, a hydrophobic compound capable of reacting with the hydrophilic polymer, 
and a surfactant; and injecting the treatment fluid into the subterranean formation at a pressure 
sufficient to create or enhance at least one fracture therein. 

[0077] Another exemplary method of the present invention is a method for acidizing a 
subterranean formation penetrated by a well bore comprising the steps of providing a 
permeability-modifying aqueous treatment fluid comprising a relative permeability modifier 
comprising a hydrophobically modified water-soluble polymer that comprises polar heteroatoms 
within the polymer backbone or a hydrophilically modified water-soluble polymer; providing an 
acidizing treatment fluid; injecting the permeability-modifying aqueous treatment fluid into the 
subterranean formation; and injecting the acidizing treatment fluid into the subterranean 
formation. 

[0078] Another exemplary method of the present invention is a method for acidizing a 
subterranean formation penetrated by a well bore comprising the steps of providing a 
permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer that 
comprises a polymer backbone comprising polar heteroatoms, a hydrophobic compound capable 
of reacting with the hydrophilic polymer, and a surfactant; providing an acidizing treatment 
fluid; injecting the permeability-modifying aqueous treatment fluid into the subterranean 
formation; and injecting the acidizing treatment fluid into the subterranean formation. 
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[0079] Another exemplary method of the present invention is a method for acidizing a 
subterranean formation penetrated by a well bore comprising the steps of providing a 
permeability-modifying aqueous treatment fluid comprising a hydrophilic polymer and a 
hydrophilic compound capable of reacting with the hydrophilic polymer; providing an acidizing 
treatment fluid; injecting the permeability-modifying aqueous treatment fluid into the 
subterranean formation; and injecting the acidizing treatment fluid into the subterranean 
formation. 

[0080] To facilitate a better understanding of the present invention, the following 
examples of preferred embodiments are given. In no way should the following examples be read 
to limit, or to define, the scope of the invention. 

EXAMPLE 1 

[0081] Permeability reduction tests were performed using two treatment solutions and a 
multipressure tap Hassler sleeve containing a Berea sandstone core. These permeability 
reduction tests were performed at 175°F. Further, Test No. 1 was conducted using a brine 
containing 2% by weight potassium chloride, and Test No. 2 was conducted using a brine 
containing 7% potassium chloride. Two treatment solutions were prepared for this series of 
tests. 

[0082] The treatment solution used in Test No. 1 comprised 5,000 ppm of a sample 
polymer and 500 ppm of "ARQUAD® DMCB 80" dissolved in 2% potassium chloride brine. 
"ARQUAD® DMCB 80" is a surfactant that is commercially available from Akzo Nobel Inc., 
Chicago, Illinois. The sample polymer comprises a hydrophobically modified water-soluble 
polymer that comprises a polymer backbone comprising polar heteroatoms formed from the 
reaction of a cationic starch and an organic acid derivative, such as octenyl acid or dodecenyl 
succinic acid. 

[0083] The treatment solution used in Test No. 2 comprised 5,000 ppm of the sample 
polymer dissolved in 7% potassium chloride brine. 

[0084] The following procedure was used for this series of tests, the results of which are 
provided in Table 1. For each test, the above-described brines were flowed through the Berea 
core, followed by oil (kerosene), followed by brine. This third brine flow was maintained until 
the pressure stabilized, yielding an initial brine permeability. Next, a treatment solution was 
flowed into the core. Next, the brine flow was reestablished until the pressure stabilized, yielding 
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a final permeability from which the brine permeability was calculated using the formula [1 -(final 
permeability/initial permeability)] x 100. The multipressure tap Hassler sleeve allowed the core 
permeability to be divided into four segments. In the tests, the initial brine flow was from 
segment 1 to segment 4. The treatment solution flow was from segment 4 to segment 1, and the 
final brine flow was from segment 1 to segment 4. The results of the tests are provided below in 
Table 1. 

TABLE 1 



Test 


Sample Polymer 
Concentration 
(ppm) 


Brine 


Surfactant 


Surfactant 
Concentration 


Initial Water 
Permeability 
(milli Darcy) 


Water 
Permeability 
Reduction 


Test 
No. 1 


5000 


2% 
KCL 


ARQUAD 
DMCB-80 


500 ppm 


90 


85% 


Test 
No. 2 


5000 


7% 
KCL 


None 


None 


120 


69% 



[0085] This example indicates, inter alia, that a relative permeability modifier used in the 
permeability-modifying aqueous treatment fluids of the present invention may reduce the 
permeability of a formation to aqueous-based fluids. 

[0086] Therefore, the present invention is well adapted to carry out the objects and attain 
the ends and advantages mentioned as well as those which are inherent therein. While numerous 
changes may be made by those skilled in the art, such changes are encompassed within the spirit 
of this invention as defined by the appended claims. 
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